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(Presented by Academician A. M. Kuliyev) 

ABSTRACT 39,733 
An a l te rna t ive  t o  the  conventional methods f o r  preparing a l loys  

and so l id  i s  offered for highly v o l a t i l e  components. A s  usual, 

t he  materials are placed i n  an evacuated ampule ,  bu t  t he  furnace 

i s  a t  f i r s t  inclined i n  a semihorizontal posit ion,  c rea t ing  

a temperature gradient t h a t  i s  control lable  by r a i s ing  o r  

lowering t h e  ampule  i n  t he  furnace. 

arrangement i s  righted, and the  process continues according 

t o  the  conventional ve r t i ca l  method, except t h a t  a t  f i r s t  a 

Subsequently, t he  e n t i r e  

difference i n  temperature i s  maintained, eventually going 

. o v e r  t o  a uniform temperature. The outcome i s  the  synthesis 

The authors were of more a l loy  i n  a given t i m e  with safety.  

able  t o  prepare 18 t o  20 g o f  gallium su l f ides  (Gas and 

complex semiconducting a l loys  and compounds (refs. 1 t o  4).  

synthesis a re  b r i e f l y  examined and evaluated i n  references 5 and 6. 

These methods of 

A t  t he  present t i m e ,  the  majority of synthesizing procedures a re  conducted 

by the  d i r e c t  method i n  vacuum, including p r i m a r i l y  the  following: a )  one- 

temperature synthesis; b) two-temperature horizontal  synthesis; c) two- 

temperature v e r t i c a l  synthesis. 
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?Numbers i n  the  margin-indicate pagination i n  the  o r ig ina l  foreign text. 
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Moreover, v ibra t ion  can be applied, which tends t o  speed up t h e  t i m e  f o r  

synthesis 10- t o  20-fold and permits the preparation of more compact ingots  with 

a coarse-grained c rys t a l l i ne  s t ructure  ( r e f .  5) . 
If i n  synthesis one of the  components i s  highly v o l a t i l e ,  two-temperature 

synthesis i s  recommended. 

B y  applying the  above-indicated methods, however, we were not  able t o  syn- 

thes ize  more than one gram of the  sulf ides  safely and quickly. 

The following a r e  some typ ica l  shortcomings of the  methods. I n  the  hori-  

zontal  two-temperature synthesizing method with vibrat ion,  elemental s u l f u r  re- 

mains i n  the  colder region of t he  vessel ,  not taking p a r t  i n  t he  react ion.  

This makes it d i f f i c u l t  t o  obtain completely stoichiometric a l loys ,  consumes a 

grea t  dea l  of time, t he  r e su l t an t  ingots do not have a d e f i n i t e  shape, and, 

f i n a l l y ,  t he  a l l o y  smears the  w a l l s  of t he  vessel .  

I n  v e r t i c a l  synthesis,  despi te  steady v ibra t ion  treatment, t he  surface of 

t h e  molten gallium i s  coated with sulf ides ,  which have a high melting point.  

This means t h a t  there  i s  not  suf f ic ien t  gallium t o  combine with the  s u l f u r ,  

hence an excess of s u l f u r  remains. In addition, t he  s m a l l  area of contact be- 

tween the  s u l f u r  and the  metal slows down t he  reac t ion  r a t e  considerably. A s  

indicated by  Gadzhiyev, Nadzhafov, and Sharifov (ref. 6 ) ,  t he  appl ica t ion  of 

v ib ra t ion  and two-temperature synthesis does not permit t he  safe synthesis of 

t h e  gallium su l f ides  with more highly v o l a t i l e  components. These authors, elab- 

o ra t ing  the  method of Fischer ( re f .  7) f o r  synthesis with highly v o l a t i l e  corn- & 
ponents, suggest a calorimeter, which does not seem t o  have too  much u t i l i t y .  

On the  one hand, t he  r e su l t an t  alloys and compounds are noncompact and smear 

the  w a l l s  of t he  vessel ,  on t h e  other hand, t he  method i s  very d i f f i c u l t  t o  p u t  

8 1  
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, i n t o  prac t ice  experimentally. 
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For the case of synthesis of Gas and Ga S the  so-called v isua l  combining 
2 3’ 

method has been developed, which i s  e s sen t i a l ly  contained i n  the  following. 

An evacuated quartz ampule 20 t o  22 cm long i s  f i l l e d  with a calculated 

quant i ty  of the i n i t i a l  materials (metal l ic  gallium and elemental s u l f u r ) .  The 

ampule i s  then placed i n  a Nichrome wire mesh. 

the  ampule i s  placed i n  a semihorizontal furnace so t h a t  the  empty p a r t  of the 

I n  the f i r s t  stage of synthesis,  

tube i s  higher ( f igure,  posi t ion a) and remains outs ide (project ing about 3 t o  

5 cm). 

point of t he  substance t o  be synthesized, creat ing a temperature gradient be- 

tween the  pa r t s  of the  ampule inside and outside the  furnace. 

. 

The temperature i n  the furnace i s  gradually ra ised above the  melting 

As the  tempera- 

t u r e  i n  the  furnace i s  increased, the  temperature i n  the  outside p a r t  of the  

ampule i s  regulated by r a i s ing  or lowering it i n  the  furnace. 

_ -  A t  higher temperatures a i r  cooling i s  not su f f i c i en t  t o  maintain a de f in i t e  

temperature gradient,  so cooling i s  real ized by asbestos moisteners. 

The degree of immersion of the  ampule i n  the  furnace i s  regulated v i sua l ly  

by hand, judging from the  quantity of s u l f u r  i n  the  molten s t a t e  t h a t  i s  returned 
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t o  t he  react ion zone due t o  the  sloping posi t ion of the  ampule.  Ins ide  t h e  

oven, a t  high temperatures, a react ion takes  place between the  l i qu id  gallium 

and the  s u l f u r  vapor. The contents of t h e  ampule a r e  ag i ta ted  per iodica l ly  by 

hand 

A s  t he  reac t ion  progresses, t he  ampule i s  gradually lowered i n t o  the  f u r -  

nace, so t h a t  a t  t he  end of the  react ion t h e  e n t i r e  ampule i s  now ins ide  it. 

'Then begins the  second pa r t  of the  synthesis, namely a changeover t o  v e r t i c a l  

one-temperature synthesis ( f igure,  posit ion b) .  For t h i s ,  the  furnace i s  moved 

up t o  the  v e r t i c a l l y  upright position, without removing the..mesh. I n  the  f i r s t  

few minutes, a portion of t he  ampule remains outside u n t i l  the  l as t  t r aces  of 

s u l f u r  have disappeared, and as the  l a t t e r  diminish the  ampule i s  submerged in-  

t o  the  furnace. 

This method can be used t o  synthesize more than 18 g of gallium su l f ides  

i n  one batch i n  two t o  four  hours. 

No f r e e  s u l f u r  was l e f t  after synthesis (as ve r i f i ed  by chemical analysis) .  

We synthesized Gas and Ga S i n  t h i s  fashion. 2 3  

Thermograms and powder diagrams of  the prepared substances are e n t i r e l y  consonant 

with t h e  da ta  given i n  the  l i t e r a tu re .  

The melting points of the  synthesized Gas and G a  S were found t o  be equal 
2 3  

t o  965 and 1120 * 10°C, respectively.  

CONCLUSION /15 
1. The method of horizontal  two-temperature synthesis has been replaced 

' /  
' by a semihorizontal two-temperature method, whereby a temperature gradient  i s  

produced by the  u s e  of a s ingle  furnace. 

2. The temperature of t he  outside, project ing p a r t  of t he  ampule i s  regu- 

l a t e d  v isua l ly ,  judging from the  quantity of condensed s u l f u r  ( or other  highly 
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3. From the  semihorizontal two-temperature mode, d i r e c t  t r a n s i t i o n  i s  

made, f i r s t  t o  t h e  two-temperature, then t o  the  one-temperature v e r t i c a l  mode. 

The same single  furnace a s  was used i n  t he  first stage of t h e  operation i s  used 

here. 

4. Clearly, t h i s  method of synthesis could be used f o r  other systems as 

well, where one of t h e  components i s  a highly v o l a t i l e  material .  We are  of t he  

opinion t h a t  the  appl icat ion of vibration would shorten the  t i m e  f o r  synthesis. 
I I 9  

5. The s implici ty  of t he  synthesizing apparatus i s  an a t t r a c t i v e  fea ture  

of t he  method. 
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